Introduction: Currently, there is limited knowledge about the experiences and challenges type 2 diabetes (T2D) patients face when intensifying from basal insulin to more complex regimens. The purpose of this study was to examine the experiences of adults with T2D who have been intensified to a basal-bolus insulin regimen, including challenges related to intensification, medication adherence issues, non-persistence, and healthcare resource use related to intensification. Methods: A web-based survey of adults diagnosed with T2D and currently treated with basal insulin was conducted in the UK and the USA. The analysis sample was restricted to respondents with current/recent basal-bolus treatment (n = 398) and divided into three analysis groups: (1) ''basal-bolus adherent'' (current basal-bolus treatment with at least 90% adherence); (2) ''basal-bolus non-adherent'' (current
basal-bolus treatment with less than 80% adherence); and (3) ''stopped bolus'' (discontinued bolus in past 12 months). Results: Basal-bolus non-adherent respondents reported fewer discussions with their healthcare providers (HCPs) before starting bolus and more frequent difficulties with and worries about taking bolus insulin compared to basalbolus adherent and stopped bolus groups. The most frequently reported reasons for discontinuing bolus were related to the complicated nature of regimen, including too complicated to calculate bolus doses (25.7%), too complicated to regulate food in relation to bolus (20.7%), and too complicated to keep track of taking two different insulins (18.6%). Respondents who stopped bolus reported more frequent HCP visits related to diabetes compared to the basal-bolus adherent and basal-bolus non-adherent groups. Conclusion: Results suggest that the complicated nature of basal-bolus therapy contributes to the difficulties that T2D patients have with the regimen and to non-persistence. Physician and patient education may help patients address these treatment challenges to improve basal-bolus adherence and persistence, which could reduce healthcare resource use and costs. Less complex regimens may be appropriate for patients with persistent treatment difficulties. Funding: Novo Nordisk A/S.
INTRODUCTION
Timely and effective blood glucose control is critical for the management of type 2 diabetes (T2D) and to reduce the risks of long-term diabetes-related complications [1, 2] . The American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) recommend a target hemoglobin A1c (HbA1c) value of less than 7.0% for adults with T2D, to be adjusted on the basis of patientspecific factors such as age, duration of diabetes, comorbidities, and vascular complications [1, 2] . As T2D is a progressive disease, treatment recommendations generally advise starting with one or more oral antidiabetic agents (OADs) and progressing to basal insulin and/or other injectable medications, such as bolus (prandial) insulin or glucagon-like peptide 1 (GLP-1) receptor agonists, when diabetes control remains poor [1, 2] .
Despite established treatment recommendations, research has shown that clinical inertia, or the failure to intensify treatment in T2D despite poor diabetes control, is a substantial problem in T2D management [3] [4] [5] [6] [7] [8] [9] . Clinical inertia is a well-documented barrier to insulin initiation, but there is also evidence of clinical inertia in post-basal insulin intensification in poorly controlled T2D, including failure to intensify and delays to intensification [8] . A meta-analysis of 16 randomized controlled trials of varying insulin treatment regimens in adults with T2D found that more than 60% of T2D patients treated with basal insulin remained uncontrolled with HbA1c levels greater than 7% [10] . Furthermore, patients' beliefs about diabetes and insulin, fear of side effects, and social stigma have also been shown to be a barrier to intensified treatment [11, 12] .
Among T2D patients intensified to more complex treatment regimens, medication nonadherence and non-persistence are frequent challenges to effective treatment [13] [14] [15] .
Adherence is generally defined as the extent to which a person follows the treatment regimen agreed upon with their healthcare provider (HCP), which may include diet, medication, and other lifestyle changes, while persistence refers to the length of time a person continues their treatment during a prescribed period [13] . A number of studies have shown that adherence to treatment regimens, including OADs and insulin, is quite low among T2D patients, though estimates vary depending on the treatment, how adherence is measured, and the population studied [13, 14, 16, 17] . Research has also found that more complex regimens are associated with decreased adherence [13, 14] . Treatment non-adherence in T2D has been associated with poor glycemic control and increased healthcare resource use [13, 16, 18] .
Currently, there is limited knowledge about the issues and challenges that patients with T2D treated with basal insulin experience when intensifying to more complex treatment regimens, such as basal-bolus insulin therapy. The purpose of this study was to investigate the experiences of adults with T2D who have been intensified from basal insulin to a basal-bolus insulin regimen, including challenges related to intensification, medication adherence issues, non-persistence, and healthcare resource use related to intensification.
METHODS
A web-based survey of adults diagnosed with T2D and currently treated with basal insulin was conducted in the UK and the USA from 2015 to 2016. Prior to commencement, the study received ethics approval from Copernicus Group Institutional Review Board (Tracking # TBG1-15-737). All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1964, as revised in 2013. Informed consent was obtained from all respondents who participated in the study.
Survey Development
The survey was developed on the basis of a qualitative analysis of data from concept elicitation focus group interviews with patients and individual interviews with physicians. The purpose of the concept elicitation interviews was to identify important concepts and issues related to complex treatment regimens in T2D from the patient and physician perspectives. A qualitative analysis, based on focus group data from a previous study of people with type 1 diabetes (T1D) or T2D and treated with basal-bolus insulin therapy, informed the survey development. The focus groups were conducted with 77 patients with T1D or T2D and treated with basal-bolus insulin therapy in Germany, the UK, and USA and are described elsewhere [19] . For this study, concept elicitation interviews were also conducted with 16 physicians, including general practitioners (GPs) and specialists (diabetologists/endocrinologists) in the UK (n = 8; 4 GPs and 4 specialists) and USA (n = 8; 4 GPs and 4 specialists) regarding their experiences with complex regimen treatments in T2D. Following survey item generation, cognitive debriefing interviews and usability testing were conducted with an additional 10 adults with T2D in the USA. The purpose of the cognitive debriefing interviews was to confirm that instructions and items were clear, relevant, and inoffensive and that appropriate recall periods were used. The usability testing was conducted to ensure that the survey structure and format were acceptable. The final survey included 116 questions and took approximately 35 min to complete.
Participants
Participants were recruited via proprietary databases used for research purposes that people previously opted to be included in, as well as opt-in social media communities that are disease specific, where participants can discuss diabetes. Potential respondents were required to complete a brief online screening survey to ensure eligibility for the study. To discourage potential misreporting of a diabetes diagnosis, participants were not aware that a diabetes diagnosis was required for survey participation when completing the screener. Respondents were asked at the beginning of the survey screener to indicate whether they had been diagnosed by an HCP with a number of different medical conditions, including acne, allergies, asthma, diabetes, migraines, and osteoporosis, and respondents were required to select diabetes to continue in the screener. The survey included recruitment targets by country, gender, and complex regimen experiences to ensure adequate sampling across differing demographic groups and to include people with differing complex regimen experiences.
Survey eligibility criteria included adults diagnosed with T2D at age 25 years or older, currently treated with a self-administered, fixed dose of basal insulin, and either (1) currently taking self-administered bolus insulin, (2) stopped bolus insulin or GLP-1 in the past year, or (3) refused to start bolus insulin in the past year despite HCP recommendation. If currently treated with bolus insulin, respondents had to calculate bolus dosage as recommended by the American Diabetes Association [1] (indicating ''I calculate my dose and it sometimes changes''), rather than taking a fixed dose (indicating ''I take the same amount every day''). Respondents were also required to report bolus adherence at least 90% of the time (''good adherers'') or less than 80% of the time (''poor adherers''). In previous studies, an 80% adherence rate has frequently been used as a cutoff for defining insulin adherence vs. nonadherence in patients with T2D [14, 16] . The survey screener was designed to exclude respondents with 80-89% adherence to bolus insulin from the study to avoid a ''gray zone'' in which there may be overlap in the ''good adherers'' vs. ''poor adherers'' groups, but no respondents were actually excluded from the study solely because of falling into the 80-89% adherence range.
Exclusion criteria included use of a pump or inhaler for insulin administration (n = 332 excluded), current use of a GLP-1 medication (n = 710 excluded) or premix insulin (n = 3828 excluded), and current or previous use of Saxenda Ò (Novo Nordisk) (also a GLP-1 medication, but not FDA-approved to treat T2D; n = 9 excluded). Respondents were excluded from the survey if their reasons for discontinuing bolus or GLP-1 in the past year suggested that the treatment was no longer prescribed, in which case discontinuation would not be considered non-persistence. These reasons included (1) HCP said medication was no longer needed; (2) I was able to control blood glucose through lifestyle changes and no longer needed; or (3) I don't remember/no reason given (total n = 142 excluded for these reasons). Respondents were also excluded if medication was ''too expensive'' was the only reason given for discontinuing bolus or GLP-1 (n = 9 excluded).
Data Analysis
Given the study's focus on patient experiences with basal-bolus insulin therapy, the final analysis sample was restricted to respondents who were currently treated with basal-bolus insulin therapy or who had discontinued bolus insulin in the previous 12 months but were currently treated with basal insulin. Respondents were divided into three groups for analysis: (1) ''good adherers'' to bolus insulin (at least 90% adherent); (2) ''poor adherers'' to bolus insulin (less than 80% adherent); and (3) ''stopped bolus'' insulin in the past 12 months (but continued to be treated with basal insulin). Descriptive analyses included frequencies, percentages, means, and standard deviations. Bivariate crosstabulations were used to compare categorical variables across the analysis groups. Chi-square tests of significance were used to assess whether associations were statistically significant. Analysis of variance (ANOVA) was used for comparison of means across analysis groups. Graphical methods (histograms) were used to confirm that continuous variables approximated a normal distribution prior to conducting ANOVA. A post hoc Bonferroni multiple-comparison test was used to assess significant differences between two analysis groups following ANOVA. Statistical significance was set at p \ 0.05. All data were analyzed using Stata/SE, version 14 [20] .
RESULTS

Sample Descriptive Statistics
A total of 657 participants completed the survey. Respondents who did not have current or recent basal-bolus treatment experience, including those who refused to intensify to a basal-bolus regimen in the past 12 months (n = 140) and respondents who discontinued GLP-1 in the past 12 months (n = 119), were excluded from the analysis. The final analysis sample was n = 398 (UK, n = 203; USA, n = 195). Descriptive and health characteristics for the analysis sample by basal-bolus analysis group are presented in Table 1 . Average respondent age was 47.8 years, and 59.6% of respondents were female. The majority of respondents were employed (66.8%), and 63.8% of respondents had a college or technical degree. Average age at T2D diagnosis was 39.5 years, and 63.1% of respondents indicated that their diabetes was ''well'' or ''very well'' controlled. A total of 43.5% of respondents reported being in ''very good'' or ''excellent'' general health. As shown in Table 1 , there were some significant differences in diabetes and health characteristics among the basal-bolus analysis groups. Basal-bolus adherent respondents were older, on average, (50.7 years) compared to the basal-bolus non-adherent (46.5 years) and stopped bolus (46.4 years) groups (p \ 0.001). A greater percentage of respondents in the basal-bolus nonadherent group was female (80.0%) compared to the basal-bolus adherent (53.9%) and stopped bolus (45.7%) groups (p \ 0.001). A larger proportion of respondents in the basal-bolus nonadherent analysis group were employed (90.0%) compared to the basal-bolus adherent (53.1%) and the stopped bolus (57.9%) groups (p \ 0.001). Further, basal-bolus adherent respondents were less likely to self-report that their diabetes is ''well'' or ''very well'' controlled and that they are in ''very good'' or ''excellent'' health compared to the non-adherent and stopped bolus groups. Compared to the basalbolus non-adherent and stopped bolus groups, respondents who were basal-bolus adherent also self-reported more diabetes-related medical complications, including high blood pressure, eye problems, nerve damage, and kidney disease. These differences were not explained by group age differences, as patterns were similar when restricting analyses to younger respondents (less than the median age of 48 years). Respondent experiences with intensifying from basal insulin to a basal-bolus regimen, including discussions with HCPs and initial education and training, are shown in Table 2 . About half of respondents (52.5%) reported discussing bolus insulin with their HCPs one time before agreeing to initiate bolus insulin, while 22.6% reported discussing bolus two times, and 24.9% discussed bolus three or more times. Basal-bolus non-adherent respondents were most likely to report having only one discussion with their HCP (73.1%) before starting bolus insulin followed by the basal-bolus adherent (52.3%) and stopped bolus (33.6%) groups (p \ 0.001).
Respondents' reports of what they discussed when their HCPs first suggested intensification with bolus insulin are shown in Fig. 1 . Compared to those in the basal-bolus adherent and stopped bolus groups, the basal-bolus non-adherent respondents were significantly less likely to report discussing how to take bolus insulin and potential side effects with their HCPs when bolus insulin was first suggested, including the number of blood glucose tests needed per day, the number of bolus injections required per day, the need to calculate bolus doses, the type of injection needed, possible hypoglycemia or hyperglycemia, the need to regulate food in relation to bolus insulin, and possible weight gain. Half of respondents in the non-adherent group (50.8%) reported that they discussed ''none of the above,'' compared to 17.2% of the adherent group and 3.6% of the stopped bolus group (p \ 0.001).
A little more than half of respondents (54.5%) reported having some type of training, including HCP visits or group classes, to learn how to take bolus insulin correctly and/or to manage possible side effects. Basal-bolus non- Table 2 Discussions with HCPs and education/training when intensifying to a basal-bolus insulin regimen 
Discussions with HCPs regarding bolus insulin
Number of times discussed bolus insulin with HCP before agreed to start taking it, n (%)*** 
Challenges Associated with Basal-Bolus Insulin Regimen
Respondents also reported difficulties and worries related to intensification to a basal-bolus regimen and taking bolus insulin. Among all respondents, 52.0% reported that it was ''difficult'' or ''extremely difficult'' to take two or more injections per day, and 56.5% indicated that it was ''difficult'' or ''extremely difficult'' to calculate the correct amount of bolus insulin to take. Respondents in the basal-bolus non-adherent group reported more difficulties associated with bolus insulin compared to the basalbolus adherent and stopped bolus groups. A total of 76.9% of basal-bolus non-adherent respondents reported that it was ''difficult'' or ''extremely difficult'' to take two or more injections per day compared to 28.9% among basalbolus adherent and 50.0% among stopped bolus respondents (p \ 0.001). Similarly, 82.3% of basal-bolus non-adherent respondents indicated that it was ''difficult'' or ''extremely difficult'' to calculate the correct amount of bolus insulin to take, compared to 32.0% among the basal-bolus adherent group and 55.0% among the stopped bolus group (p \ 0.001). Additionally, 45.3% of respondents reported that they worried whether they were taking bolus insulin correctly ''often'' or ''always.'' Significant differences in worries were observed among basal-bolus analysis groups. The basalbolus non-adherent respondents were most likely to report being ''often'' or ''always'' worried about whether they were taking bolus insulin correctly (69.2%) compared to 48.4% among the stopped bolus group and 18.0% among the basal-bolus adherent group, and differences were statistically significant (p \ 0.001). Fig. 1 When your HCP first suggested that you start taking bolus insulin, which of the following was discussed? Responses not mutually exclusive. Chi-square tests indicate significant differences among analysis groups (***p \ 0.001). HCP healthcare provider, BG blood glucose
Bolus Insulin Non-Persistence
Respondents in the stopped bolus group, who discontinued bolus insulin within the past 12 months but continued to take basal insulin, were asked to report on their reasons for bolus insulin non-persistence (Fig. 2, responses not  mutually exclusive) . The most frequently reported reasons for discontinuing bolus insulin were associated with the complicated nature of the basal-bolus regimen, including too complicated to calculate bolus insulin doses (25.7%), too complicated to regulate food in relation to bolus insulin (20.7%), and too complicated to keep track of taking two different insulins (18.6%). Other important reasons included weight gain (17.9%), not confident taking bolus insulin correctly (17.1%), too many injections to take each day (16.4%), too complicated to schedule bolus insulin doses (15.0%), and low blood sugar/hypoglycemia (13.6%).
Respondents who stopped bolus also reported on their feelings regarding their decision to discontinue bolus insulin (Table 3) . When asked whether discontinuing bolus insulin was the right decision, 66.4% (n = 93) of respondents reported ''yes,'' while 10.0% (n = 14) indicated ''no'' and 23.6% (n = 33) were ''unsure''. Among respondents who thought that discontinuing bolus insulin was the right decision (n = 93), the most frequently reported reasons for this were ''I was having trouble calculating my dose correctly'' (40.9%), ''I was having trouble remembering to take it at the right time'' (35.5%), ''My schedule is too irregular to use it'' (25.8%), and ''I don't think my diabetes is serious enough for me to need it'' (23.7%). Among respondents who indicated that discontinuing bolus insulin was the wrong decision or who were unsure (n = 47), the most frequently reported reasons given were ''I don't think I took long enough to see results'' (46.8%), ''My diabetes control has gotten worse'' (38.3%), ''I feel guilty about my decision'' (25.5%), ''My HCP was displeased about my decision'' (21.3%), and ''I think my diabetes is serious enough for me to need it'' (19.2%).
Respondents who stopped bolus insulin also self-reported changes that they made to their diabetes management after discontinuing bolus insulin (Fig. 3) . The most frequently reported changes were ''I improved my diet'' (51.4%), ''I increased my exercise'' (35.0%), ''I increased my basal dose'' (24.3%), ''I lost weight'' (20.7%), and ''I did not make any changes'' (20.0%). Fewer respondents reported increasing their oral Fig. 2 Reasons for basal-bolus non-persistence. Responses not mutually exclusive, n = 140 diabetes medication dose (7.9%) or adding a new diabetes medication to basal insulin (0.7%) after discontinuing bolus insulin.
Basal-Bolus Regimen and Healthcare Resource Use
All respondents reported on their healthcare resource use related to diabetes, which is shown by analysis group in Table 4 . Respondents who stopped bolus insulin reported the greatest number of HCP visits related to diabetes in the past 6 months (2.8 visits), followed by the basalbolus adherent (2.1 visits) and the basal-bolus non-adherent (1.2 visits) groups (p \ 0.001). The stopped bolus group also reported a significantly greater number of calls to their HCPs related to diabetes in the past 6 months (1.9 calls) compared to the basal-bolus adherent (0.7 calls) and basal-bolus non-adherent (0.7 calls) My diabetes is out of control now 1 2.1 a n = 140 b Responses not mutually exclusive; analysis restricted to respondents who reported that stopping bolus insulin was the right decision, n = 93 c Responses not mutually exclusive; analysis restricted to respondents who reported that stopping bolus insulin was the wrong decision or were unsure, n = 47 groups (p \ 0.001). Similar patterns were evident for both HCP visits and HCP calls specific to problems or issues with diabetes. Emails to HCPs related to diabetes in general or to problems/issues with diabetes did not differ significantly among the analysis groups.
DISCUSSION
This study highlights some of the challenges people with T2D experience with their basalbolus regimens and adds to previous research on insulin therapy and treatment adherence in T2D. The analyses showed an association between some patient demographic characteristics and basal-bolus adherence. Respondents who were non-adherent to their basal-bolus regimens were more likely to be employed compared to those who were more adherent, which is consistent with research on diabetes medication adherence in other countries [17, 21] . Given the complexity and importance of timing for bolus dosing, it may be that employed people have more difficulty scheduling and adhering to their basal-bolus regimens. Additionally, the study found that nonadherent respondents were younger, on average, compared to the adherent, which is also in line with prior research [17, 21] . The study also provided insights into the people with T2D who stopped basal-bolus. The most frequently reported reasons for bolus insulin non-persistence were all related to the complexity of the basal-bolus regimen (too complicated to calculate bolus doses; too complicated to regulate food in relation to bolus; too complicated to keep track of taking two different insulins). Non-adherent respondents and those who stopped bolus insulin also reported more difficulties and worries about whether they were taking bolus insulin correctly compared to those who were basal-bolus adherent.
Further, the findings suggest that fewer discussions with HCPs and less patient education are associated with basal-bolus non-adherence. Basal-bolus non-adherent respondents reported fewer discussions with their HCPs about bolus insulin before agreeing to start basal-bolus therapy and were less likely to report having patient education when starting bolus insulin compared to those who were basal-bolus adherent. This is in line with previous research, Fig. 3 What changes did you make to your diabetes management when you stopped taking your bolus insulin? Responses not mutually exclusive, n = 140 which has shown that more collaborative relationships with HCPs are associated with greater diabetes treatment adherence [17, 22] .
Finally, the study found that basal-bolus non-persistence was associated with greater healthcare resource use. Respondents who stopped bolus insulin within the past 12 months reported greater healthcare resource use related to diabetes, including HCP visits and phone calls, compared to respondents who were basal-bolus adherent or basal-bolus non-adherent. The study also found that the basal-bolus adherent were more likely to have HCP visits related to diabetes, as well as HCP visits for problems or issues with diabetes, compared to the non-adherent. Previous research has found that diabetes treatment non-adherence is associated with greater healthcare resource use costs and more frequent hospitalizations and emergency room visits, but also with reduced costs for medication and outpatient care [18] . Thus, it may be that patients who are more adherent to basal-bolus are more likely to visit their HCPs for regular diabetes care compared to the nonadherent and are thus more likely to avoid expensive inpatient care and emergency room visits.
The study findings have implications for clinicians, patients, and payers. Patient education and training when intensifying treatment regimens may improve patient confidence and adherence to basal-bolus insulin treatment regimens for some T2D patients. Physician education may also raise awareness of some of the risk factors for patient non-adherence and the challenges patients face when intensifying treatment. Less complex post-basal insulin treatment regimens could improve adherence and persistence with intensified regimens among people with T2D [13] . Previous research has found that less complex diabetes treatment regimens are associated with increased medication adherence, which is associated with improved glycemic control and reduced healthcare resource use costs [13, 14, 18] . When interpreting study results, several limitations should be recognized. As the study relies on a web-based survey, there is the potential for selection bias. Although recruitment targets included differing demographic groups, it is possible that some groups were underrepresented. The basal-bolus non-adherent group was 80.0% female. It is unclear why respondents in this group were predominantly female and how this may have affected the results. Previous research has found that men over-report glaucoma medication adherence in their self-reports compared to adherence timing data collected from electronic monitors [23] . It is possible that there are gender differences in self-reported adherence to insulin, though additional research is warranted. As all data were self-reported, there is also the potential for recall bias. Particularly for the stopped bolus group, respondents' experiences with bolus insulin may be subject to greater recall bias as the length of time from bolus discontinuation increases. Further, there may be some limitations in the generalizability of results due to the inclusion and exclusion criteria and the focus on patients residing in the UK and the USA. Healthcare systems and culture may affect patients' experiences with complex treatment regimens. Finally, given the cross-sectional nature of the study, causal interpretations of the results cannot be made.
CONCLUSION
A better understanding of the issues and challenges associated with complex insulin treatments in T2D may help physicians and patients address some of the barriers to treatment intensification, adherence, and persistence, as well as improve diabetes control and reduce healthcare resource use. The findings show that the complex nature of the basal-bolus insulin regimen contributes to the difficulties patients experience with the regimen and to non-persistence. The results also suggest, however, that patient education and more collaborative patient-HCP relationships may better equip patients to manage these treatment complexities and challenges. Additionally, less complex treatment regimen options may be an optimal solution for some patients. Future research might explore possible cross-country differences in the challenges and experiences T2D patients have with complex treatment regimens.
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